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THE FUGACITIES OF STEAM AND ACETYLENE 
        AT HIGH PRESSURES" 
                Av HiROYOKIHIRAOKA
                               Introduction
   Knowledges of the fugacities of gases are necessary for the considerations of 
the equilibrium at high pressures. The fugacity of steam at high temperatures and 
high pressures is especially interesting in connection with geochemisty and Holsertl 
has calculated it from Kennedy's P-V-T data of steam'!. In this paper, the fugacity 
of steam in the range of temperature from 3S0 to 460°C and that of pressure from 
100 to S00 atm is calculated from the P-V-T data recently published by Kiyama, 
Kinoshita znd Kitahara'r. The results of the author are fairly well in accordance 
with the results of Holser at 400°C. 
   Now the reactions involving acetylene at high pressures are exceedingly important 
in chemical industry and considerations of equilibriums in such systems necessitate 
a knowledge of the fugacity of acetylene which has not yet been reported over the 
.vide range of temperature and pressure !` In this paper the fugacity of acetylene 
in the range of temperature from Oto 250°C and of pressure from 10 to 130 atm is 
also calculated from the P-V-T data of acetylene published by Kiyama, Ikegami and 
Inoue'-. 
                           Methods 
   The fugacity coefficient YT p is equal to the ratio of the fugacity f to the pressure 
P and [he results of the calculations are expressed in this term, 
                                ~T,r=f~P (1) 
   The change of fugacity coefficient with pressure is expressed by Eq. (2), 
P 
                              YT,Po Po P 
where Z=RT
   ' This int~estigatior. has leer done by H. Hiraoka, being in the postgraduate course, under direc-
tion of Prof. R. Kiya»rn. 
  '* The fugacity of acetylene at low temperatures has already been reported and used in the 
coasideratioas of the solubility of acetyl^_ne. cj This /avnaf, 24, 13 (1954), 25, 58 (1955) 
  t) W. T. Holser. J. Phys. CGenr., 58, 316 (1904) 
  2) G. C- Kennedy, Am. J. Sci , 248. 540 (1950) 
   3) R. Kiyama, H. Kinoshita and S. 3itahan, This Javnal, 20. 21 (1955) 
  4) R Kiyama, T. Iks3ami and K. Inoa_, ibid., 21. 0S(1951), cf. H. Teranishi, ibid., 25, 25(1955)
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   The calculation of the fugacity of steam The change of fugacity coefficient with 
pressure is calculated graphically by Eq. (2) from the P•V-T data of steam of Kiyama 
et al., which does not involve the data at lower pressures than 100 atm. Keyes, Smith 
and Gerry`t reported the equation of state for steam, 
                            P- 4.5504 T (3)                                   v-B 
where B=B°t Bo gi (z)PrtBo'8•(')Psrs-Bo~agaCr)PI::,4 
                           Bo=1.89-2641.62x1D~i0T'•z , 
                       g,(r)=82.546c-1.6246x10a•r", 
                       g._(r)=0.21828-1.2697x10°•r°,
                         ga(r)=3.635x10-'-6.768x 10°'•ra', 
                         r=1/T 
In Eq. (3) v is the volume expressed in cc occupied by 1 gram of steam and T is 
absolute temperature. The base values of the fugacity coefficient at 100 atm are 
calculated analytically from Eq. (4), which can be derived by substitution of the equa-
tion of state valid for this range ir_to the thermodynamic equation, 
                     18.02 (B,P)° , (B,P)'g.,_(B,PysBa           log ~r.r=2.303RT{B°Pt 27• + 4Ta 13Tix } (4) 
   The third and the fourth terms in the parenthesis of Eq. (~) may be negligible 
at high temperatures. 
   The calculation of the fugacity of acetylene The change of the fugacity coeffi-
cient of acetylene with pressure is calculated graphically from the P-V-T data of acety-
lene of Kiyama et al. which has the postulation that acetylene gas at 1 atm obeys the 
ideal gas iaw at each temperature. The correction for the deviation of acetylene at 
t atm from the ideal gas is d- ne with the real mola] volume of acetylene at 0°C 
and 1 atm=22.1656 ml and the thermal expansion coefficient of acetylene=0.00374. 
   The P-V•T data previously publisbed by Sameshima°t and Rimarskin which are 
valid at low pressures, cover the narrow range of temperature, so that the use of 
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~) F. G. Keyes, L. B. Smith and H. T. Gerry, Roc. Am..4cad. Arts and Sti., 7U, 317 (1936)
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values at 10 atm in the range of temperature from 0 to 130°C. The approximate 
equation of fugacity coefficient is proposed in several different forms. In the above 
table- the fugacity coefficients at 10 atm calculated from Sameshima's data are 
compared with the results obtained from these different approximate equations, where 
the value of RT at 10 atm istaken from Sameshima's dataFi . 
   The above table shows that even at these low temperatures the error involved 
in these approximate values is small and at higher temperatures than 70°C all these 
approximate equations give the same values at 10 atm. By its simplicity and correct 
applicability s hown in the above table the first approximate equation, v zRT' is 
used in the calculation of the base values at 10 atm and the fugacity coefficients 
at high pressures are calculated on these values.
                              Results 
   The fugacity coefficients of steam and acetylene calculated by the above process 
are shown in Tables 1 and 2 respectively. Fugacit is obtained by the multiplication 
of these values with pressure. The fugacity coefficients of steam at 400`C given in 
Table 1 show only slight deviation less than 10,6 from Holser's results. The values 
predicted from Newton's diagram based on the lave of corresponding states show a 
few per cent deviations in both cases of steam and acetylene.
Table 1 The fugacity coefficients of steam
             rm,p., •c 
Pre%+.. am.
380 400 420 440 460
loo os53 0.968 0.882 0.899 0.905
200 .706 .739 .772 .791 .912
300 .532 .597 .655 .690 .722
400 .4:2 .983 .54fi .594 .633
800 .357 .909 .467 .516 858
600 .313 .361 .413 .461 .499
700 282 .325 .374 .418 .455
800 .259 297 345 .386 .421
  6) J. Sameshima, Bull. Ch mn. Soc. Japan, ], 41 (1926) 
  7) W. Rimarski and M. Kovchak, Autogene Metdlbearbeihmg, 26, 129 (1933) 
  8) G. N. Lewis and M. Randall, Thermodynamic and the Free Energy o/Chemical Subseantes, 
McGraw Hill Book Co. 1924 
  91 cj. I. Prigogine and R. Defay, Chemical Thermodynamics, Longmans Green and Co. 1951 
  10) H. H. Elrod, Ind. Eng. Chem., 47, 2199 (19a5) 
  I1) R. H. Newton, Ind. Eng. Chen:, 27, 302 (1935)
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 Table 2 The fugacity coefficients of acetylene
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   The author wishes to express his hearty thanks to Professor R. Kiyama for 
having initially suggested the study of this problem in response to W. T. Holser's 
work on the fugacity of water at high temperatures and pressures, and for his 
constant encouragement during the execution of this work which has been based on 
the P-V•T data of steam and of acetylene investigated by Professor R. Kiyama and 
his collaboraters. 
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